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WASTE MANAGEMENT AND PUBLIC HEALTH 






What is waste? 

One definition describes waste as any material which the owner 
considers will cost him more to keep than to discard. 

This warrants detailed examination. 

First, the cost is not necessarily purely monetary; it may 
comprise a penalty in terms of time or effort, or of nuisance or hazard, 
including health hazards. 

Second, these values may, and often do, vary. What is con- 
sidered waste one day may be prized as a valuable commodity on another. 

Third, the decision, conscious or unconscious, whether material 
is waste or not is an individual one made by the owner. Until recently, 
consideration of the cost to the community or the environment of dis- 
carding waste was not taken into consideration. 

It is also important to note that this definition says nothing 
about the intrinsic value of the material; only about its value to 
the owner. 

There is one particular waste which may be considered an ex- 
ception, since its discard is, largely, involuntary; human bodily wastes 
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- sewage. The health hazards resulting from the improper disposal of 
sewage have been recognized for many years. Wastes, other than sewage, 
can be separated into six major classifications, with widely differing 
hazards, problems, and solutions, which will be considered in greater 
detail at a later stage. They are: 



1. municipal and industrial solid wastes 

2. liquid industrial wastes 

3. hazardous wastes 

4. agricultural wastes and sewage sludge 

5. abandoned automobiles 

6. litter 



Another question which deserves examination is what is meant 
by waste management? 

Waste management must include the complete system of storage, 
collection, transportation, treatment and disposal of waste. The ind- 
ividual elements of the system are intimately interlinked and cannot be 
dealt with in isolation. 

Moreover, the management of waste may well have to take into 
account some of the questions raised in the definition of waste - whether 
a community can afford to accept without question the decision of the 
owner of the material; or, for example, whether the original manufacturer 
of the product should not be responsible for considering in its manufac- 
ture the problems which may be involved in its handling and disposal 
as waste. 

It is earlier noted that the problems of one waste, sewage, 
have been recognized for many years. It is only comparatively recently 
that the public have become aware of the problems involved with other 
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wastes, though they are now making up for lost time. There are a number 
of reasons for this, but three in particular should be observed. 

First, though improper management practices can result in 
health hazards, these are generally not infectious, not transmissible, 
and the relation of cause and effect is less obvious. 

Second, until comparatively recently in North America, the 
urban-rural interface was well defined, and the wastes from a city could 
be transported beyond its boundaries for disposal in a relatively spar- 
sely populated area. Urbanization has now progressed beyond the bound- 
aries of the cities and may extend for many miles into formerly entirely 
rural areas. Land area is therefore at a premium and land use planning 
usually neglects to consider requirements of waste management. 

And third, the increase in packaging, and disposable conven- 
ience merchandise, compounded by the increase in population and its 
concentration in urban areas, has vastly increased the volume, variety 
and hazard of materials which must be handled and disposed of. 

Before dealing with the waste classifications and their 
individual problems, the public health aspects of waste management, at 
least as they are seen in Ontario, should be examined. 

There are two relatively distinct problems involved. 

One: Direct health hazards, vectors of disease, air and water 
pollution, or gas generation, for example; 

Two: Matters of general public health concern in the broader 
sociological concept of the term. 
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Usually, direct hazards can be minimized and often eliminated 
by the proper management of existing practices. New practices, before 
being introduced, can readily be assessed to ensure that direct hazards 
will not be introduced. 

Waste management legislation in Ontario was designed primarily 
to do this. 

The broader aspect is a very much more complex problem with 
implications which reach far beyond the jurisdiction of any one govern- 
ment agency, and whose solution may require measures that will be 
radically different from present approaches. 

Municipal and Industrial Solid Wastes 

This classification includes domestic and commercial refuse 
together with non-hazardous solid industrial waste. It is generally 
collected and disposed of under the control of the municipality where it 
is generated. 

On the average, this type of waste can be expected to comprise 
about 50 per cent paper and paper products, 15 to 20 per cent organic 
waste or garbage, between five and 10 per cent metals and approximately 
the same quantity of glass, between five and 10 per cent ashes with the 
remainder, usually about 10 per cent, which can only be termed miscella- 
neous since it may include almost any substance imaginable. The actual 
composition varies from day to day, as does the moisture content, and 
this variety, and its heterogeneous character, make it an engineer's 
nightmare. 
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Public health aspects may conveniently be separated into two 
sections, occupational hazards to workers, and hazards to the gen- 
eral public. 

Studies on occupational hazards have generally been related 
either to municipal refuse collection workers or to accidents to workers 
in the treatment and disposal operations . 

Arthritis and cardiovascular diseases appear to be occupational 
hazards of refuse collectors. A high incidence of muscle and tendons 
disease, particularly affecting the back, is also prevalent and there is 
evidence that the same comment may apply to skin diseases. Hernia may 
also be considered an occupational hazard. Generally, sanitation workers 
have an extremely high injury frequency rate, injuries to the hands being 
most common. 

For those with a passion for odd statistics, Dr. Sliepcevich, 
who carried out one of the most extensive studies, estimated that the 
amount of daily lifting by the average refuse collection is equivalent 
to raising a full garbage can weighing 35 pounds to the top of the Empire 
State Building. 

The use of paper or plastic bags rather than garbage cans will 
tend to reduce these hazards, but much greater attention must be paid, 
in the design of collection vehicles and collection systems, to the need 
for a reduction in the manual effort required by collectors. 

The open dump is the most primitive method for disposal of 
municipal waste, and is usually associated with open burning of the gar- 
bage to reduce its volume and, hopefully, its attraction to rodents. 
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All dumps, whether open burning is practiced or not, provide 
breeding grounds for rodents, flies and other vectors of disease. In 
some areas they provide attractive feeding grounds for other animals, 
particularly bears. From the point of view of air pollution, the gaseous 
effluent from burning garbage includes inorganic compounds of sulphur, 
nitrogen and carbon; prominent organic constituents are aldehydes, organ- 
ic acids and esters; fats and fatty materials, phenols, and polynuclear 
hydrocarbons. The particulate matter may be either organic or inorganic, 
and may be impregnated with acids. While all of these may have some 
public health implications, they are probably small in relation to the 
discharge of similar elements from other sources. A more specific 
hazard, which has already resulted in a number of serious accidents, is 
the loss of visibility due to the smoke from burning dumps being carried 
across highways. 

Since dumps are generally located without any consideration of 
pollution problems, they are very frequently found adjacent to, or even 
in, water courses which may be grossly contaminated as a result. Organic 
material, soluble salts, and alkalis can cause serious degradation of 
the water quality. 

A more serious problem from the public health aspect is the 
possibility of leaching of these materials into ground water particularly 
if dug wells are used for water supply in the vicinity. Any hazard which 
may result will usually be due to soluble salts, since the organics and 
the associated micro-organisms are virtually eliminated by a comparative- 
ly short period of percolation through the soil. 
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An interesting side light on burning dumps is the fact that 
tissues of wild rats living in the vicinity of refuse dumps generally 
have a much higher lead content than those of rats reared in the labora- 
tory, and associated with this higher lead content is a high degree of 
incidence of nuclear inclusions and carcinomas in the kidneys. This was 
ascribed by the investigators to continous exposure to smoke emanating 
from the smoldering refuse in the dump in which the rats lived. 

Waste management legislation in Ontario does not permit this 
method for the disposal of waste except for very small communities in 
remote areas, and even where it is still permitted, certain basic 
requirements are laid down to minimize the possibility of health hazard 
and environmental pollution. 

Almost all of the problems discussed to this point can be 
virtually eliminated by careful selection of the area in which the site 
is to be established, and by carrying out the operations using the tech- 
niques of sanitary landfill. Essentially, this means that the waste is 
deposited under controlled conditions with compaction into a cell and 
covering with a least six inches of compacted earth at regular intervals, 
preferably daily. 

While research is undoubtedly necessary to find quantitative 
data on the movement of contaminants in leachate through the sub-surface 
and in the watertable, particularly with regard to reduction of concen- 
tration by such mechanisms as ion exchange, and dilution by dispersion, 
adequate qualitative data is already available from which the location of 
the site, to minimize pollution problems, can be made with confidence. 
The main thrust of present research programs is to develop more accurate 
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information so that doubtful locations, now unacceptable, can be utilized 
with adequate precautions. 

Two comparatively new developments are coming into use for the 
pre-treatment of waste prior to sanitary landfill, principally to reduce 
costs and the volume of waste, but which also make it easier to minimize 
nuisances such as blowing papers. Grinding the waste to a common parti- 
cle size has many advantages and is being closely investigated by the 
Ministry of the Environment as having potential wide application 
throughout Ontario. One such plant is already in use. Packing and 
baling involves compression of the waste to a comparatively high density 
bale which is then bound together. It has some advantages in the opera- 
tion of a landfill site, but its principal application may be to reduce 
the cost of transportation, particularly if rail haul can be utilized. 
However, neither of these methods eliminates the necessity for careful 
location of the site to minimize the problem of leachate entering ground 
or surface water. 

One possible major health hazard has not yet been touched upon, 
and must be given very careful consideration whether pre-treatment is 
used or not. During the decomposition of the organic material in garbage, 
a number of gases are generated, the most significant of these being 
carbon dioxide and methane. Since decomposition continues in the landfill 
site for many years, gas continues to be generated over that period. 

Carbon dioxide is principally of concern if, in entering the 
watertable, it dissolves minerals which may degrade water quality. In 
one instance, due to probably unique circumstances, carbon dioxide enter- 
ing basements of houses adjacent to a landfill site have caused a serious 
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health hazard, but it is most unlikely that this incident will be repeated. 

Methane is of greater importance primarily because of its com- 
bustibility, and since an explosive mixture can be formed when mixed with 
air. Strict control should therefore be exercised over the uses to which 
a disused landfill site can be put. The Environmental Protection Act of 
Ontario provides this control for a period of 25 years. Precautions can 
be taken to eliminate the hazard of gas entering buildings constructed 
on landfill sites, but great care is required, extensive engineering 
works may be necessary, and single family residential development should 
not be permitted under any circumstances. Preferably, completed landfill 
sites should be developed as park or recreation areas. 

Two points should be emphasized. First, a properly located 
and operated landfill site will virtually eliminate both health hazards 
and contamination of the environment. Second, disposal onto land must 
ultimately be utilized for some proportion of the total waste, irrespec- 
tive of how the waste is treated, whether by incineration, reclamation, 
or any other methods that may become available in the foreseeable future. 

The emission of contaminants from the incineration of municipal 
waste, can be very substantially reduced by suitable incinerator controls, 
but it is important to recognize the limitations, and the consequences of 
implementing them. For example, an electrostatic precipitator will re- 
move a very high proportion of the particulate matter, and scrubbers can 
be installed to remove sulphur dioxide, and other chemical systems to 
remove other gases, but at extremely high relative cost. Moreover, to a 
large degree, all that is being achieved by such measures is to change 
the air effluents back to the solid state, converting them once again to 
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water and land pollutants. 

The cost of such controls can be reduced if it is practicable 
to utilize the heat development either to produce steam for district 
heating, or electricity. However, very substantial problems are involved, 
and it appears at present unlikely that any such approaches will be found 
practicable in North America except in specific limited circumstances, 
for example to serve a large compact high density development, possibly 
in association with improved handling methods for the refuse such as 
vacuum collection. 

It cannot be emphasized too strongly that incineration does 
not eliminate waste disposal problems. A landfill site must be asso- 
ciated with every municipal waste incinerator, for the disposal of solid 
residue and the comparatively large proportion of municipal waste which 
for various reasons cannot be incinerated. A landfill site for this 
purpose may require as careful location and operation as one used for 
untreated waste. Metallic residues which have been identified incinera- 
tor ash include copper, lead, zinc, cobalt, cadmium, and chromium, 
manganese, nickel and arsenic. Further investigation is required to 
determine whether special problems may arise due to the concentration 
and the physical state of such material at an incinerator ash 
disposal site. 

It will be obvious from the above that it is not possible to 
make a general statement that incineration is better than landfill or 
vice versa, and in fact the same comment applies to any other method of 
treatment or disposal of waste, existing or proposed. The selection of 
the "right" method will be dependent on the circumstances of each indi- 
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vidual case, taking into account all of the factors involved including 
the degree of air, water and land pollution, health hazards, sociological 
factors, and of course cost, not only in terms of dollars and cents, but 
including the use of resources, and of energy, which in turn has a re- 
source use and pollution penalty. 

One other basic technology for waste disposal should be noted 
at this point, although its use in North America is at present extremely 
limited. This is the composting of organic wastes, with which is usually 
associated, to a greater or less degree, the salvaging of some of the 
more readily reclaimable materials such as metals and glass. 

Although composting has seen very limited use in North America, 
and at present only a few units are still in operation, the principal 
reason is the difficulty of finding markets for the material produced, 
which is essentially a soil conditioner with very little fertilizing 
value. However, it has been intensively investigated in Europe, and 
firm data are available on many public health implications. 

Whether windrow composting or mechanical composting is used, 
the public health implications hinge largely on one critical factor, the 
temperature to which the treated material is raised, and the duration of 
its exposure. 

In any properly controlled process, the likelihood of survival 
of pathogens, or of fly larvae and eggs, appears to be remote. The same 
comment may apply to many resistant forms of parasites, though some doubt 
exists as to whether it is also applicable to pathogenic fungi. 

These observations apply essentially to the finished product. 
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Some aspects of the plant operation and the process effluents require 
further investigation. Of course, the sources of the waste must be 
checked to determine accurately the composition of the material being 
handled, and the process operation carefully examined to determine the 
mode of dispersal of contaminants in the surrounding environment. For 
example, hazardous industrial wastes should obviously be excluded, and 
care must be exercised in accepting institutional wastes, such as patho- 
logical waste from hospitals. Greater care would need to be exercised 
if undigested sewage sludge was to be composted with the organic munic- 
ipal waste, or if a concentration of pesticides and herbicides 
was anticipated. 

If manual separation of reclaimable material forms part of the 
process, very careful controls are necessary to safeguard the health 
of workers. 

A number of other approaches are being investigated - pyrolosis, 
fluid bed incineration, wet oxidation, biological fractionation, and a 
number of alternative techniques for the development of municipal recla- 
mation plants. None of these developments is at the stage where they 
can seriously be considered as an alternative to presently available 
methods of treatment or disposal. Moreover, it cannot be repeated too 
frequently that all wastes will require ultimate disposal into one of 
the sinks - air, land, or water - with resulting pollution problems and 
health hazards which must be carefully investigated. As an example, the 
reclamation of newsprint separated from municipal waste is commonly as- 
sumed to be associated with a de- inking process so that the fibre can be 
re-used for the same purpose. Consideration of the practicability of 
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such a process will include not only the examination of cost, and effect 
on the forest industries and pulp and paper companies, but must take 
into account the water pollution which will inevitably result, the dis- 
posal of the solid wastes from the plant, and the energy requirement for 
the process, which itself has environmental implications. 

The second major classification of waste with which we are 
concerned is liquid industrial waste. 

The bulk of the waste produced in this category has a limited 
degree of potential hazard, comparable to that resulting from municipal 
and industrial solid waste. However, since it is liquid, its disposal 
onto land is undesirable for two principal reasons. 

First, the possibility of run-off to surface waters or perco- 
lation to sub-surface aquifers is very considerably increased, and 
consequently suitable areas for disposal are very limited. Secondly, it 
is undesirable to utilize a sanitary landfill site for its disposal 
except in very limited quantities, since it may result in serious opera- 
tional problems. Moreover, sanitary landfills are normally designed 
deliberately to reduce the quantity of liquid which will percolate through 
the waste. An exception might be the use of a completed municipal waste 
disposal site with a substantial depth of waste and under- drainage which 
will collect leachate for treatment. 

The best solution to this particular problem is the establish- 
ment of central treatment facilities which due to the economies of scale 
can provide the pollution control equipment necessary, but which would be 
exorbitantly expensive if provided by each industry producing the waste. 
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Such a plant will be available in the near future to serve the 
Toronto Centered Region. Three major treatment streams will normally be 
necessary - thermal decomposition, chemical and physical processing, and 
biological oxidation. The sludges resulting from the processing may be 
incinerated or landfilled, as appropriate. 

A plant of this type, since it incorporates the various treat- 
ment streams, can reasonably provide much more complete treatment and 
minimize contamination. 

A major problem arises from various processes which result in 
very large quantities of dilute soluble salts. A good example is the 
brine displaced from the formation of underground gas and oil storage 
caverns. In areas where it is practicable, discharge into suitable 
underground formations by a deep well is a reasonable interim solution. 

However, this should only be permitted under strict controls, 
with adequate monitoring to ensure that there are no detrimental effects. 
Suitable underground formations are limited both in geographical extent, 
and in their capacity to receive waste. In fact, they represent a 
resource which should be conserved by requiring surface treatment of all 
practicable wastes. 

Classification of hazardous wastes is restricted to those where 
a direct and significant hazard of fire, explosion, poison, or radio- 
activity may result, although in some instances biological and ecological 
effects must be taken into consideration. 

In comparison to the other waste classifications, the quanti- 
ties involved are usually very small, and practices can be considered 
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for treatment and disposal which would be out of the question for 
general wastes. 

One such method, for example, consists of sealing the material 
within a small container which, in turn, is placed in a larger container 
such as a 45 - gallon drum and the annular space filled with concrete. 
The drum is then buried in a suitable location, usually in an impermeable 
clay soil. If treatment is not feasible, permanent containment by this, 
or other means, is the only reasonable alternative at present. 

Falling into this category would be some elements of institu- 
tional and hospital wastes. These would include waste pharmaceutical 
materials, such things as disposable hypodermic needles and syringes, and 
pathological waste. 

Despite the substantial health hazard which is undoubtedly 
associated with materials in this classification, there have been 
surprisingly few incidents resulting in injury. The producers of these 
wastes are usually well aware of the risks involved, and are sufficiently 
responsible to supervise the handling and disposal procedures and ensure 
that they are carried out with minimum hazard. 

A major concern of the Ministry of the Environment at present 
is in the development of early warning systems so that full investigation 
can be made in advance of all potentially hazardous materials, and means 
developed for their safe handling and disposal. It is obviously unde- 
sirable to be forced into the position of having to make complex techni- 
cal decisions without adequate supporting data and under, usually, 
intense public pressure. No doubt examples will come to mind readily - 
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DDT, phosphates, cyclamates, mercury, PCB's, and a number of others are 
looming on the horizon. 

Very close co-operation between public health authorities and 
the agencies responsible for the protection of the environment is always 
of mutual benefit; in this particular connection, it is absolutely 
essential. 

The fourth major category of waste comprises agricultural 
waste and sewage sludge. 

Agricultural waste which is produced and disposed of as part of 
normal farm operations is not of concern. 

What is of ever increasing concern are the pollution and 
public health problems resulting from production of vast quantities of 
manures from feed lots, piggeries, and confinement operations particular- 
ly for egg production. These are not, in fact, farms but factories, and 
should be treated in the same way as any other industry which abuses 
the environment. 

Traditionally, waste in this category, which is purely organic, 
has been disposed of by spreading onto fields as a soil conditioner. In 
limited quantities, and providing common sense precautions are taken, 
this is of little concern. However, as the quantities involved increase 
and the area of land available for disposal decreases, major public health 
and environmental problems result. 

Manures from these highly concentrated operations contain ele- 
ments which if they are leached into ground or surface waters may consti- 
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tute a localized concern for public health. The major problem results 
from the oxidation in the soil of organics to nitrogen compounds, high 
levels of which in water supplies may have direct public health implica- 
tions, and certainly contribute to eutrophi cation of surface waters. 

While the manures also contain elements such as arsenic, 
manganese and zinc, the concentrations are very low and unlikely to re- 
sult in a hazard to public health. 

Associated generally with agricultural operations, but normally 
grouped with the previous category of wastes, are herbicides and pesti- 
cides. Greater attention should certainly be paid not only to the use 
but to the disposal of these materials and of empty containers. 

Digested sewage sludge poses a very limited hazard, providing 
the sewage plant operation is carefully controlled. Local problems, 
however, may arise, particularly if the sewage treatment plant deals 
with disproportionately large volumes of industrial waste. 

The remaining two categories, abandoned vehicles and litter, 
have very limited health implications. Broken glass in litter, particu- 
larly on beaches, is obviously dangerous, particularly to children, and 
the snap-off rings on cans with aluminum tops have sharp edges which may 
also result in cut feet. 

It is anticipated that measures will be taken very shortly in 
Ontario which will adequately deal with both of these categories of waste. 

By good housekeeping, and the utilization of existing techno- 
logy, the possibility of public health hazards resulting from the 
handling or disposal of wastes can be virtually eliminated. Legislation 
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now in effect in Ontario, under The Environmental Protection Act, is 
entirely adequate to ensure this, and to do it without imposing an undue 
financial burden upon either municipalities or industries. 

This may not continue to be the case, and even now such a state- 
ment may not be valid if the public health is defined to include the 
wider, sociological aspects. 

There is no question that any waste management problem becomes 
a very highly charged emotional issue to members of the public involved. 
Noise, odours, increased traffic, the alleged reduction of property 
values resulting from waste disposal operations, littering, and similar 
factors undoubtedly add substantially to the other stresses of modern 
living. While they are not subject to quantitative analysis, neverthe- 
less these qualitative considerations may exert a profound effect on the 
technology which can be utilized, on land use, upon the methods and costs 
of waste collection and must be taken into consideration in any complete 
system planning. 

Re-use, recycling and recycling and reclamation will provide 
the only rational ultimate solution to these problems of waste manage- 
ment, not primarily to conserve resources, although this will be a 
valuable bonus, but as the only foreseeable means of keeping within 
reasonable limits the cost to the public. 



This publication was prepared by Wesley Williamson, B.Sc, P.Eng., 
Assistant Director, Waste Management Branch, Ministry of the Environment. 

First Printing: March 1972 
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